Background: Because of its strong specificity and high accuracy, real-time quantitative PCR (RT-qPCR) has been a widely used method to study the expression of genes responsive to stress. It is crucial to have a suitable set of reference genes to normalize target gene expression in peanut under different conditions using RT-qPCR. In this study, 11 candidate reference genes were selected and examined under abiotic stresses (drought, salt, heavy metal, and low temperature) and hormone (SA and ABA) conditions as well as across different organ types. Three statistical algorithms (geNorm, NormFinder and BestKeeper) were used to evaluate the expression stabilities of reference genes, and the comprehensive rankings of gene stability were generated. Results: The results indicated that ELF1B and YLS8 were the most stable reference genes under PEG-simulated drought treatment. For high-salt treatment using NaCl, YLS8 and GAPDH were the most stable genes. Under CdCl 2 treatment, UBI1 and YLS8 were suitable as stable reference genes. UBI1, ADH3, and ACTIN11 were sufficient for gene expression normalization in low-temperature experiment. All the 11 candidate reference genes showed relatively high stability under hormone treatments. For organs subset, UBI1, GAPDH, and ELF1B showed the maximum stability. UBI1 and ADH3 were the top two genes that could be used reliably in all the stress conditions assessed. Furthermore, the necessity of the reference genes screened was further confirmed by the expression pattern of AnnAhs. Conclusions: The results perfect the selection of stable reference genes for future gene expression studies in peanut and provide a list of reference genes that may be used in the future.
Introduction
Peanut is one of the most important legume crops cultivated in the world [1, 2] . Its economic benefit is remarkable, and its acreage has gradually expanded in recent years. However, peanut production and quality are adversely affected by various environmental stresses worldwide, such as the emergence of extreme weather, coastal land salinization, and drought and oxidative stress [3, 4] . Research on stress tolerance in peanut should be paid extensive close attention. But most of these agronomical traits are difficult to breed by conventional selection techniques because of the multigene nature and the little genetic variation within cultivated peanut [5] .
Modern biotechnology approaches such as marker-assisted selection and high-throughput gene expression analyses have been employed in crop improvement programs worldwide. In particular, gene expression analyses have become important for understanding was stable in rice but has different results in papaya [23, 24] . Actin was expressed stably in the study of tomato virus infection but could not be a reliable reference gene in cucumber under salinity stress or in papaya under numerous experimental conditions [24, 25, 26] . Therefore, it is necessary to select and optimize reference genes for RT-qPCR according to the experimental material and treatment condition to improve the accuracy of RT-qPCR analysis and interpretation [27, 28] .
Efforts for identifying suitable reference genes have been reported in a number of plants, including Glycine max L. [29, 30, 31, 32, 33, 34] , Nicotiana tabacum [35] , Cucumis sativus L. [26] , Corchorus capsularis L. [36] , Plukenetia volubilis [37] , Solanum lycopersicum [25, 38] , Zea mays L. [39] , and Arabidopsis [40] . However, very few studies on reference gene validation have been conducted in peanut [41, 42, 43, 44] . These results offered guides for selecting reference genes in different experiment conditions in peanut. Nevertheless, peanut samples treated with CdCl 2 , ABA, and SA were not studied before. With reference to these experiment results and on a theoretical basis, we systematically investigated the expression of 11 reference genes (namely ACTIN11, ACTIN7, ACTIN1, ADH3, GAPDH, UKN2, ELF1B, YLS8, G6PD, 60S, and UBI1) under conditions of drought, salt, heavy metal, low temperature, and hormone and in different organs (roots, stems, leaves, and flowers). We calculated their stabilities using three statistical algorithms, namely geNorm [45] , BestKeeper [46] , and NormFinder, which laid a foundation for the expression analysis of genes in peanut.
Materials and methods

Plant material and stress treatments
Peanut material Jihua 2, the control variety of peanut regional test in Hebei province with multi-resistance and wide adaptation, derived from a cross between 7851-24 and 7101-43, was obtained from Hebei Academy of Agriculture and Forestry Sciences. Uniform and full peanut seeds were surface sterilized in 70% (v/v) ethanol for 1 min and 0.1% (v/v) HgCl 2 for 10 min successively and washed six times with sterile deionized water subsequently. After peeling off the seed coat, the seeds were plated onto Murashige and Skoog medium containing 3% (w/v) sucrose [47] . The seeds were maintained in the growth chamber (light intensity of 275 mmol m -2 s -1 , humidity of approximately 80%, and temperature of 27 ± 1°C) under a daily photoperiodic cycle of 14 h light and 10 h dark for 2 weeks before transferring the seedlings to soil in separate pots and water for culture adaptation. For organ-specific expression, samples were collected from roots, stems, leaves, and flowers from a 4-week stage of the same plant. To investigate the expression stability of candidate reference genes under abiotic stress, peanuts were separately passed through solutions containing 250 mM sodium chloride (NaCl), 150 μM cadmium chloride (CdCl 2 ), 10% PEG-6000, 100 μM ABA, and 100 μM SA. We adjusted the incubator to 15°C for low temperature stress condition for leaves. Functional leaves were collected at different times (0, 2, 4, 6, 8, 10, 12, and 24 h) after treatment from uniform growth seedlings, quickly frozen in liquid N 2 , and stored at -80°C until further use. Control seedlings were mock treated with water (Water CK). Three independent experiments were performed.
Total RNA extraction and cDNA synthesis
The total RNA of stress-treated and unstressed leaves, stems, roots, and flowers was extracted using EASYspin Plant RNA mini kit (Aidlab) according to the manufacturer's instructions. RNA integrity was then assessed on 2% agarose gel electrophoresis, and RNA sample quality was determined using a NanoDrop 2000 spectrophotometer (NanoDrop, Thermo Scientific). Finally, RNA samples with an A260/ A280 ratio of 1.9-2.1 and an A260/A230 ratio greater than 2.0 were used for further analyses. Subsequently, for real-time PCR, the firststrand cDNA was synthesized using PrimeScript™ RT reagent Kit with gDNA Eraser (Perfect Real Time) (Takara). The quality and integrity of the cDNA were checked using a NanoDrop 2000 spectrophotometer and by agarose gel electrophoresis, respectively, and the cDNA was stored at -20°C until further use.
Primer design
On the basis of previous studies on expression stabilities of reference genes in peanut and soybean, 11 candidate reference genes, namely ACTIN7, GAPDH, 60S, ADH3, and YLS8 [41] ; ACTIN1 and UBI1 [42] ; UKN2 [34, 43] ; ACTIN11, G6PD, and ELF1B [44] , were selected as candidate reference genes. From these previous studies and the cDNA and EST sequences of soybean and peanut published in GenBank, specific amplification primers for each candidate gene were designed. These primers had the following criteria: annealing temperature ranged from 58°C to 62°C, the length was between 17 and 25 bp, and the GC content varied between 45% and 55%. After determining the sequences and screening a series of primers, 11 pairs of primer sequences referred to in the references were selected [34, 41, 42, 43, 44] .
Relative expression analysis of reference genes
The specificity of the candidate reference genes was confirmed by the presence of a single peak in RT-qPCR and single amplicon in conventional PCR. cDNA at 10-fold dilution was used as the PCR template for reference gene amplification. Special primers amplification using conventional PCR were performed in a total volume of 20 μL using rTaq DNA polymerase (Takara) at 95°C for 2 min followed by 95°C for 30 s (denaturation), 55°C for 30 s (annealing), and 72°C for 1 min (elongation) for 30 cycles, with a final extension of 15 min at 72°C. The resultant PCR products were detected by 2.0% gel electrophoresis. RT-qPCR analyses were performed in a 96-well plate on an Agilent MX3000P Real-Time PCR system (Agilent Technologies) with gene-specific forward and reverse primers for each reference gene. For RT-qPCR, 2 μL of cDNA (after dilution) was used as template in a reaction volume of 20 μL using SYBR® Premix Ex Taq™ II kit (Takara) with two-step amplification conditions of 95°C for 1 min; 40 cycles of 95°C for 15 s and 60°C for 34 s (data collection); and melting curve analysis at 95°C for 1 min, 55°C for 30 s, and 95°C for 30 s. The standard curve for each set of primers of reference genes was plotted from RT-qPCR with 10-fold echelon dilution of cDNA as template using Ct value as ordinate and the log of template concentration as abscissa. RT-qPCR analyses were performed with three technical replicates.
Stability analysis of candidate reference genes
The PCR reaction system and protocol for the candidate reference gene amplification were the same as RT-qPCR analyses. The Ct values were calculated using Agilent MX3000P real-time PCR analysis system (Agilent Technologies) on the basis of the expression of the 11 candidate reference genes in different samples under different treatments. The amplification efficiency of each reference gene was calculated from the slope of each standard curve using the formula, E = (10 -1/slope -1) × 100. The Ct value distribution of the candidate reference genes, which reflected the average expression levels of the candidate reference genes in all peanut samples, was constructed using SigmaPlot 10 software. The expression stabilities of candidate reference genes were analyzed using three statistical algorithms: geNorm, NormFinder, and BestKeeper. The geNorm software could calculate the stability value (M) of each candidate reference gene on the basis of its expression. The lower the value of M, the more stable was the expression of the reference gene, and vice versa. The optimal number of reference genes required for effective RT-qPCR data normalization was determined by analyzing pair-wise RT-qPCR analyses were conducted using three independent total RNA samples.
Validation of reference genes
To validate the selected reference genes, the relative expression levels of the target gene AnnAhs were evaluated using the most stable and least stable reference genes after normalization across drought and salt stresses. Control samples and samples treated with 10% PEG-6000 were analyzed using ELF1B and ACTIN7 as endogenous reference genes for mRNA normalization. YLS8 and ACTIN7 were used as endogenous reference genes in the analyzed samples treated with salt stress. For RT-qPCR, the reaction was same as that of relative expression analysis of reference genes. RT-qPCR analyses were conducted with three independent total RNA samples, and 2
-△△ct was applied to analyze the expression of AnnAhs [48] .
Results
Specificity and amplification efficiency of RT-PCR primers
The specificity of primers can be judged using the melting curve (Fig. S1 ). The melting curves of 11 reference genes in peanut samples represented an obvious single peak, and the amplification curves of the three repeats had good repeatability. Agarose gel electrophoresis of the PCR products of the reference genes showed a single band of the expected size (Fig. S2 ). These results indicated the high specificities of the primers. As described in Table 1 , the amplification efficiency of the primers was 0.91-1.01, which met the requirements of the RT-qPCR experiment. From the above results, these reference genes can be used for the analysis of expression stability.
Analysis of expression level of candidate reference genes
The Ct value could be used to measure the expression level of each candidate reference gene. The lower the Ct value, the higher is the expression level. The Ct value distribution of candidate reference genes was imbalanced in different treatments and organs of peanut ( Fig. 1) . To evaluate the stabilities of the reference genes across all experimental samples, the transcript abundances of the 11 candidate reference genes were determined from their mean Ct values. The average Ct value of 11 candidate reference genes in all peanut samples varied from 17.45 to 36.49 ( Fig. 1) . Among the 11 candidate reference genes, in all samples, the expression level of UBI1 was the highest, with the lowest average Ct ± SD of 19.88 ± 0.67, followed by ACTIN7 (20.49 ± 1.60), GAPDH (20.79 ± 0.85), ELF1B (22.23 ± 1.08), ACTIN11 (22.42 ± 1.34), ACTIN1 (23.06 ± 1.02), ADH3 (23.42 ± 1.02), and 60S (24.54 ± 0.80). UKN2 had the highest Ct value (31.42 ± 1.87), which indicated the lowest expression level, followed by G6PD (27.13 ± 1.64) ( Table 1) . A small CV of the Ct value indicates that a given gene is more stably expressed [36] . Among the 11 candidate reference genes, 60S and UBI1 showed the least variations in the CV value (3.27% and 3.35%, respectively), and ACTIN7 (7.83%), G6PD (6.03%), UKN2 (5.96%), and ACTIN11 (5.97%) showed a greater variation in their expression levels across all tested samples. The ranking of gene stability by CV was as follow (from the most stable to the least): 60S, UBI1, GAPDH, ADH3, ACTIN1, YLS8, ELF1B, UKN2, ACTIN11, G6PD, and ACTIN7 (Table 1) . Briefly, the results indicated that the expression levels of the candidate reference genes varied across different experiments.
Stability evaluation of reference genes by geNorm
The stability values (M) of 11 candidate reference genes in each of the tested sample sets was evaluated using geNorm software (Fig. 2) . The acquiescent threshold of M value was 1.5. A reference gene with Fig. 2 , the M values of 11 candidate reference genes were lower than 1.5 in all the samples either in synthetic analysis or under different treatments, which indicated that all the candidate reference genes had certain expression stabilities that were different from each other. In total samples, inculding simples under treatment of drought, salt, heavy metal, low temperature, and hormone, and simples in different organs (roots, stems, leaves, and flowers), GAPDH and 60S had the highest stabilities, followed by UBI1. For each subset of treatment, the expression stabilities of reference genes were variable. ELF1B and YLS8 were the most stable genes with the lowest M values in PEG-simulated drought stress and water control treatment. Under NaCl stress, the most preferred genes for normalization were ADH3 and YLS8. Under heavy metal stress (CdCl 2 ), GAPDH and UBI1 were the most stable reference genes. Under low temperature treatment, ACTIN11 and ADH3 were the most stable reference genes. Under hormone treatments with ABA and SA, all the reference genes had relative smaller M values, and ACTIN7 and YLS8 were the most stable genes under ABA treatment, while ACTIN7 and UBI1 were suitable genes under SA treatment. In different organs, GAPDH and ELF1B had the most expression stabilities. In general, G6PD and UKN2 were the least stable reference genes in most conditions (Fig. 2) .
It is now a consensus that the expression levels of a single certain reference gene may be unstable under some specific experimental conditions and that multiple reference genes should be evaluated and used to quantify gene expression to improve the accuracy of RT-qPCR analysis. In geNorm, the threshold value for choosing the optimal reference gene number is Vn/n+1 = 0.15. When Vn/n +1 is below 0.15, the number of reference genes for RT-qPCR should be n, and it is not necessary to introduce the n+1 reference gene. As shown in Fig. 3 , V5/6 was less than 0.15 in the analysis of all samples, which indicated that the number of reference genes should be at least five in total sample analysis. According to the results shown in Fig. 2 , GAPDH, 60S, UBI1, ELF1B, and YLS8 should be chosen for total samples analysis. In the analysis of samples under different treatments and in different organs, V2/3 was less than 0.15, which revealed that the optimal number of reference genes was 2.
Stability evaluation of reference genes by NormFinder
NormFinder software could evaluate the stability of gene expression through the calculation of the stable value (M) of candidate reference genes. The candidate reference genes were ranked according to the numeric value of M ( Table 2 ). The lower the stable value, the higher is the stability of the reference gene expression. Under PEG-simulated drought treatment, reference genes with the highest stability were ELF1B and 60S. Under NaCl treatment, the expressions of GAPDH and YLS8 had the highest stabilities. YLS8 had the highest stability under CdCl 2 treatment. YLS8 and ADH3 revealed the highest expression stabilities across samples of water CK. Under low temperature treatment, the expression stabilities of UBI1 and GAPDH were the highest. Under hormone treatment with ABA, most of the candidate reference genes had relative higher stability, and the expression stabilities of YLS8 and ACTIN7 were the highest among them. The expression stability of ACTIN7 was also the highest under hormone treatment with SA. In the organ-specific expression analysis, UBI1 had the lowest stable value, which indicated the highest expression stability. Moreover, similar to the results obtained by geNorm, in most conditions, G6PD and UKN2 had the lowest gene expression stabilities. Comparison of Fig. 2 and Table 2 demonstrates that the analysis results of gene expression stability by geNorm were consistent with those of NormFinder, especially the results of reference genes with the lowest stability across different treatments and different organs.
Stability evaluation of reference genes by BestKeeper
In BestKeeper, the number of reference genes cannot exceed 10. Therefore, the gene with lowest expression stability under each single treatment and different organs was rejected according to the results given by geNorm and NormFinder. The stability of gene expression was evaluated in BestKeeper on the basis of three variables: SD (Standard Deviation), correlation coefficient (r), and CV. Ten reference genes from each single analysis are ranked in Table 3 according to the SD value of each reference gene. The smaller the SD value, the higher is the stability of the reference gene. It was obvious that the SD values of the 10 genes under each treatment were all less than 1, which indicated that these genes could be used for the selection of reference genes (Table 3 ). The ranking results were consistent with the ones given by geNorm and NormFinder under different treatments. Under simulated drought treatment, ELF1B and ACTIN11 had smaller SD and CV values, but also had relatively smaller r values, which showed a low consistency with the tendency of the expression of all the candidate reference genes. By comparison, YLS8, with a relatively smaller SD and CV values and a relative larger r value (r = 0.842), would be the best choice. The expression of YLS8 showed the highest stability (SD = 0.266, CV = 1.164, r = 0.820) under NaCl treatment. In heavy metal treatment using CdCl 2 , the expression stabilities of YLS8 and UBI1 were the highest. The expressions of ELF1B and ADH3 had the best stabilities in water CK. Consistent with the results of NormFinder, UBI1 (SD = 0.149, CV = 0.757, r = 0.778) was the most stable gene under low temperature treatment. Under ABA treatment, most of the 10 genes had relative larger r, and especially ACTIN7 and ADH3 should be considered to have the best stabilities. Under SA treatment, the expression of ACTIN7 was the most stable, which was consistent with the result of NormFinder. In organ-specific analysis, UBI1 showed the highest stability, which was in accordance with the result of NormFinder.
Validation of reference genes
To validate the selected reference genes, the relative expression levels of the target genes AnnAh1, AnnAh2, and AnnAh3 (GenBank accession numbers are KM267643, KM276779 and KM276780, respectively) were evaluated using the most stable and least stable reference genes after normalization across drought stress and salt stress. Annexin is known to be an important gene in response to abiotic stress such as water shortage, osmotic stress, and anaerobic environment [49, 50] . Peanut annexin was homologous to other higher plant annexins, including Glycine max, Medicago truncatula, Arabidopsis, and Brassica juncea L., which indicated that AnnAhs might have a similar function of response to abiotic stress. According to the stability ranking given by the three statistics algorithms (Fig. 2 , Table 2, and Table 3 ), a conjoint analysis was made in Table 4 . A higher ranking value indicated lower gene expression stability. Therefore, the most stable reference genes identified for samples treated with 10% PEG-6000 (ELF1B) and samples treated with NaCl (YLS8) were used as internal controls for data normalization. For comparison, one of the least stable reference genes, ACTIN7, identified in two experimental sets, was also considered. The results demonstrated that the expression patterns of AnnAhs differed when using the most and least stable reference genes for normalization under different treatments (Fig. 4) . The expression of AnnAhs showed different levels when ACTIN7 and ELF1B were used as reference genes for untreated samples. Compared to untreated samples, in samples treated with NaCl (250 mM), the level of induction for AnnAh1 increased from 2-12 h and declined thereafter when ACTIN7 was used as the reference gene; however, when YLS8 was used for normalization, the level of AnnAh1 reached the highest level of transcript at 10 h. Under drought stress with 10% PEG, AnnAh1 showed a lower expression, particularly when using the most stable reference gene ELF1B for normalization (Fig. 4A 1 , Fig. 4A 2 ) . When ACTIN7 was used in treatment with NaCl (250 mM) at 8 h and 10 h, the expression level of AnnAh2 was higher than that in the water control, but contrasting results were obtained when the most stable reference gene YLS8 was used. The expression trend and level of AnnAh2 were also different under treatment with PEG when ACTIN7 and ELF1B were applied for normalization (Fig. 4B 1 , Fig. 4B 2 ) . Treatment with NaCl (250 mM) caused the downregulation of AnnAh3 expression at 2-4 h when ACTIN7 was used as the reference gene, whereas the expression levels increased at 2-4 h when YLS8 was used for normalization. Under treatment with PEG, the expression levels of AnnAh3 decreased at all time-points when ACTIN7 was used as the reference gene, but the expression level increased to the maximum at 2 h when ELF1B was used as the reference gene (Fig. 4C 1 , Fig. 4C 2 ) . These findings revealed that the selection of candidate reference genes in the normalization of target gene expression level was important. Fig. 3 . Determination of the optimal number of reference genes. The optimal number of reference genes required for effective RT-qPCR data normalization. Pairwise variation (Vn/n+1) analysis between the normalization factors NFn and NFn+1 was analyzed. 
Discussion
With the continuous development of molecular biology and the accomplishment of diploid genome sequencing of peanut, analysis of gene expression has been widely applied in the research of metabolic regulation mechanism for peanut stress-related genes. A precise expression analysis of stress-related genes can provide useful information for understanding complex regulatory networks in the stress response process in more detail. RT-qPCR is broadly accepted as a suitable method to analyze the expression levels of target genes in biological samples because of its strong specificity, high sensitivity, simplicity, and broad quantification range [51] . However, appropriate reference genes are required for valid RT-qPCR analyses. Selection of suitable reference genes to avoid the influence of random factors and improve the accuracy of RT-qPCR analysis and interpretation has become a key problem that needs to be considered emphatically in gene expression [27, 28] . It is considered that different reference genes should be selected according to different experimental conditions and different species. For instance, UBQ5 and Eflα are the most stable reference genes across all rice tissue samples examined, and 18S rRNA works well in wheat under salinity stress, fungal stress, and drought [11, 16, 18, 52] . Eflα is also the most stable reference gene among the seven genes tested under biotic and abiotic stresses in potato [53] . TUB-B, TUB-A, and UBC are the most stable reference genes among all tested samples in celery [54] . Accordingly, it is unanimously held by many researchers that the selection of suitable reference genes expressed stably to normalize is crucial for ensuring the accuracy of the analysis of gene expression.
To date, only a few studies have undertaken the comparison and selection of reference genes in peanut [41, 42, 43, 44] ; such a comparison could be of guidance for the selection of peanut reference genes for RT-qPCR analysis under different situations. However, there are barely any studies that report using samples under heavy metal stress and hormone treatments (ABA and SA). According to the studies on peanut, the expression stabilities of 11 candidate genes were analyzed by RT-qPCR method in peanut samples from different organs and under different treatments in this study. Optimal reference genes were evaluated using three statistics algorithms: geNorm, NormFinder and BestKeeper. As shown in Fig. 1 , the expression levels of the 11 candidate reference genes in different samples varied, and the Ct values of 11 genes ranged from 17.54 to 36.94. Among them, UKN2 represented the largest average Ct value, which indicated the lowest gene expression level, followed by G6PD with a relative larger Ct value. UBI1 was considered to display the highest expression level because of the smallest average Ct value. ACTIN7 and GAPDH had a relatively higher expression level. The Ct values of the other reference genes ranged from 22 to 25, without significant difference. The analysis results indicated that the rankings of expression stabilities of reference genes were inconsistent among geNorm, NormFinder, and BestKeeper. Similar results had been reported in the selection of reference genes in peanut, Brachypodium distachyon, and citrus [42, 55, 56] . The main reason for the difference is the difference in the statistical theories used by the three statistics algorithms. Therefore, a conjoint analysis using geNorm, NormFinder, and BestKeeper was necessary. Ranking value, as a new variable, is the sum of gene stability ranking in three statistics algorithms. Therefore, a smaller ranking value indicated higher gene expression stability. The expression stabilities of most of the candidate reference genes were consistent in the three statistics algorithms ( Table 4 ). The conjoint analysis result could provide a reliable basis for the selection of reference genes for RT-qPCR analysis under different treatments.
Our results indicated that ELF1B and YLS8 were the most stable reference genes under PEG-simulated drought treatment, while under high-salt stress, YLS8 and GAPDH were the most stable genes. Under CdCl 2 treatment, UBI1 and YLS8 showed the maximum stability. UBI1, ADH3, and ACTIN11 showed the most stable expression levels under Table 4 Comprehensive rankings of gene stability of reference genes by three algorithms. low temperature treatment. All the 11 candidate reference genes showed relatively high stability under hormone treatments with ABA and SA, but ACTIN7 was absolutely the best choice in hormone treatment experiments. In organ-specific analysis, UBI1, GAPDH, and ELF1B showed the maximum stability. Analysis results revealed that G6PD, UKN2, and ACTIN7 were relatively unstable reference genes in almost all experimental conditions in this study. The G6PD gene, which encodes glucose-6-phosphate dehydrogenase, has been the most commonly used reference gene in plants [42, 44, 57] . It was also recommended in peanut [44] . However, G6PD has been reported to be the least stable reference gene in soybean [29, 33] . Similarly, G6PD had relative poorer stability in most samples in the present study. UKN2 was also widely used as a reliable reference gene for RT-qPCR normalization in many previous studies [30, 43, 58, 59] . In our study, UKN2 was identified as a poor reference gene, which is similar to the results in cambium of poplar [59] . The reason for this result might be because the specificity of primer in soybean was lower than that in peanut [34, 43] . Actin, as a main component of cytoskeleton, contributes to a number of essential biological processes in all eukaryotic cells and is the most frequently used reference gene [60, 61] . ACT7 was found to be one of the best candidate reference genes under biotic stresses and NaCl stress subsets in jute [36] . ACT7 was also widely used as an appropriate reference gene in a series of developmental stage of seed of Firmiana simplex [62] and during the embryo development of Brassica campestris [63] . However, ACT7 did not perform well in studies of Cichorium intybus [12] and peanut in our study, which suggested the importance of validating the reference genes for each experimental design.
It is important to note that expression stability of the same reference gene was a little different across different organs, species, or cultivars and under different stresses [34, 41, 42, 43, 44] . Our results also proved that there was no single reference gene that is stably expressed in all the samples in this study. For example, AnnAh1 was more remarkably expressed when the least stable gene ACTIN7 was used for normalization than that when the most stable gene ELF1B was used in samples treated with PEG (Fig. 4A 1 , Fig. 4A 2 ) . The same presentation , and 24 h under drought and salt stress conditions. A 1 -C 1 : Samples treated with PEG and NaCl used ACTIN7 as the endogenous reference gene for mRNA normalization. A 2 -C 2 : The expression levels of AnnAhs normalized by different reference genes ELF1B for control samples and samples treated with 10% PEG-6000, and YLS8 for samples treated with NaCl. Data is presented as the fold change in expression levels as normalized to control (value of 1). Data at 0 h is omitted for visual simplicity. Error bars are the standard deviations of three replicates. existed in samples treated with NaCl. When the least stable gene ACTIN7 was applied, the expression level of AnnAh2 reduced after 4 h; however, when ELF1B was used as reference gene, AnnAh2 reached the highest expression value at 2 h under PEG stress condition (Fig. 4B 1 , Fig. 4B 2 ) . The expression of AnnAh3 also showed different trends and levels when ACTIN7 and ELF1B were used as reference genes under different treatments (Fig. 4C 1 , Fig. 4C 2 ) . These results further proved the necessity of selection of reliable reference genes for normalization in gene expression studies. The reference gene ACTIN7 was one of the least stable genes in our study. From the comprehensive comparison of these results, the expression level and pattern of AnnAhs showed large differences under PEG treatment when different reference genes were used and less differences under NaCl treatment and in untreated sample, which was consistent with the ranking value of the stability of the reference genes in certain experiments. Therefore, the selection of reference gene for RT-qPCR analysis was important and should be conducted according to the material type and different experimental situations.
To date, a series of studies have reported that the accuracy of RT-qPCR analysis could be improved when multiple reference genes are utilized [36, 59, 64] . A normalization factor analysis was conducted by geNorm software to calculate the optimal reference gene number in this study (Fig. 3) . At least five reference genes, namely GAPDH, 60S, UBI1, ELF1B, and YLS8, were needed for total sample analysis. However, in all samples under different treatments and from different organs, the V2/3 values were less than 0.15, which indicated that the optimal number of reference genes was 2. In general, the number of reference genes should be selected on the basis of the objective of the experiment. If the objective of the research is to simply study the gene expression pattern, a single reference gene with relatively high expression stability is adequate. However, if the purpose of the research is to obtain accurate expression levels or to compare the gene expression in different samples, more number of reference genes should be considered and normalization factor analysis is necessary.
With the rapid development of sequencing technologies, RT-qPCR, microarray, and RNA sequencing (RNA-Seq) approaches have been widely applied in the analysis of gene expression profile [11, 17, 40] . All these approaches need a reference or standard for comparison to eliminate artificial errors and obtain more accurate results [65] . RT-qPCR based on RNA-seq and microarray data is an effective new strategy to identify and validate reference genes and differentially expressed genes in recent years [22, 66, 67, 68, 69] . More new and stable reference genes, which are superior to traditional reference genes, can be screened from RNA-seq and microarray databases and determined through RT-qPCR. Although a rapid increase in research on microarray and RNA-seq in many plants to study gene expression has been witnessed, related research is less in peanut because of the limited availability of sequence information. The completion of diploid genome sequencing of peanut could supply the reference genome sequence for the study on expression patterns and function analysis of many genes [70] . However, a high-quality genome sequence of a tetraploid (cultivated peanut) is extremely essential for achieving the development of molecular breeding approaches to enhance peanutyielding ability and tolerance to environmental stresses and for offering more accurate reference genes for RNA-seq and microarray approaches. A set of new reference genes with more expression stabilities and wider applications can be developed from large expression microarrays and RNA-seq datasets or searched from whole genome sequences and validated experimentally; this can perfect the utilization of candidate reference genes for gene expression studies in peanut.
